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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

A CATALOG OF SOUTHERN GREAT BASIN 
EARTHQUAKES FOR THE PERIOD 1868-1978

by 

Mark E. Meremonte and Albert M. Rogers

INTRODUCTION

This catalog is a collation of earthquake hypocenters, intensities, and magnitudes for 
the southern Great Basin (SGB) for the period 1868-1978 prior to the operation of the 
SGB network (fig. 1). The data from this catalog are drawn from many sources such as 
earlier non-instrumental reports for the oldest earthquakes in national catalogs, reports by 
university stations operated in California, Nevada, and Utah (generally several hundred 
kilometers distant), and data collected by local and regional networks that were operated 
temporarily in limited areas of the SGB.

The geographical boundaries of the catalog are 35.6°-38.5° N., 114.5°-118.0° W. 
This area encloses a circle of about 160 km radius centered on NTS. Sources outside this 
zone are unlikely to produce short-period ground motions of a level sufficient to cause 
damage to either the surface or the subsurface facilities. Long-period ground motions 
from more distant sources could produce damage to structures with matching structural 
periods, but this problem, if found to be pertinent to the waste storage facility, will require 
special study. The area of this catalog includes several Quaternary, Late Quaternary, and 
Holocene geologic structures such as the Fish Lake-Death Valley-Furnace Creek fault 
zones on the west, the East-West seismic zone, the "paleoseismic" zone to the east of 
Yucca Mountain (the proposed site of the repository), and other less prominent structures 
across the southern Great Basin (fig. 2). The catalog spans the time period from about 
the beginning of the historical era in this region to the beginning of the operation of the 
SGB seismograph network. During this 110 year time period, from 1868 to August 1978, 
over 7300 earthquakes have been noted. For each of these earthquakes we report the date, 
origin time, hypocenter, and one or more of the following magnitudes: MS, M^, Mjr>, m^, 
and other. When available, we also include the maximum Modified Mercalli intensity, the 
hypocenter quality rating, and error estimates for the origin time and the hypocenter.

The catalog includes both natural and man-made earthquake activity. Man-made 
events include aftershocks and cavity collapses (which occur following most NTS nuclear 
tests), mining blasts and high-explosive experiments, and induced seismicity due to the 
impoundment of Lake Mead. An attempt has been made to identify each of these classes 
of events in the catalog, although the classification should be considered tentative, partic­ 
ularly in the case of nuclear event aftershocks. Research is in progress to determine which 
events are aftershocks of nuclear tests and how these events should be treated in a seismic 
hazard assessment.



This catalog is important in two respects. First, the data permit computation of the 
rate of earthquake occurrence for the region, although corrections for incompleteness are 
required. Second, the data indicate, in a general way, which geologic zones have been 
active in the past. Both of these results have a bearing on the computation of seismic 
hazard to the proposed nuclear waste repository at Yucca Mountain on the Nevada Test 
Site (NTS).
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SOURCES OF DATA

The SGB historical catalog was compiled from various earthquake catalogs and seis- 
mological bulletins that reported earthquakes from the SGB or its subregions. The data 
sources that we used are as follows:

- the Seismographic Station of the University of California at Berkeley (BRK);
- the Seismological Laboratories of the California Institute of Technology (PAS);
- the California Division of Mines and Geology;
- the National Oceanic and Atmospheric Administration (NOAA);
- the U.S. Geological Survey;
- the Seismological Laboratory of the University of Nevada, Reno;
- the International Seismological Centre (ISC);
- Teledyne Geotech-Alexandria Laboratories;
- and other Seismological sources (table 1).

An alphabetical listing of all the source code abbreviations and their respective references 
are given in table 1. Seismicity recorded by the SGB seismograph network that has been 
operated by the U.S. Geological Survey since 1978 is published separately (Roger and 
others, 1981, 1983).

CRITERIA USED IN THE COMPILATION

A problem that occurs when merging catalogs from multiple data sources is that the 
merged catalog invariably contains multiple entries for the same earthquake, whose origin 
times, locations, and magnitudes are not exactly equal and may even exhibit significant 
discrepances. Thus, one first needs to determine which events are duplicates, and then, 
to decide which one of the multiple earthquake locations and magnitudes is the most



accurate to retain in the merged catalog. Determination of those entries in the catalog 
that are duplicates can be a difficult problem, but once decided it is generally feasible 
to choose the preferred data source. We compiled the data according to a system of 
priorities for hypocentral location (table 2) and for magnitude (table 3). These priorities 
are somewhat subjective, but are based on the number, density, and distance of stations 
that are used to compute the earthquake parameters. For instance, an earthquake located 
by a local network would always be considered highest priority for listing. Regional stations 
or networks operating outside of the SGB region were considered to be of intermediate 
priority, and earthquake data based primarily on reports from national or world-wide 
stations were considered the lowest priority.

In addition to the system of priorities that were used to help make the final choices 
amongst duplicates, a procedure to delineate the duplicates had to be found. To do this, 
we tabulated the absolute difference between origin times (|A£|) and the arc distance (Z) 
between locations for all suspected duplicate earthquakes in the catalog having values of 
|A*| < 100 seconds and Z < 3.0°, where Z is calculated as follows. Converting latitudes 
to geocentric colatitudes and using spherical trigonometry we have:

Z = cos ~~ l (sin <f> sin 0 cose + cos (f> cos 0)

where angles <f> and 9 are the geocentric colatitudes of the two earthquakes in radians; c is 
the longitudinal gap between two epicenters in degrees; and Z is the arc distance between 
the two events in degrees. Plotting Z versus |A£| (fig. 3), we see that |A*|   Z space 
can be subjectively divided into four principal regions (A, B, C, and D) where the data 
accumulate.

< 10.0 seconds; Z < 0.5° (region A) 
< 10.0 seconds; 0.5° < Z < 1.0° (region B) 
> 10.0 seconds; Z < 0.5° (region C) 

outside of above ranges (region D).

During the initial merging of the sources, obvious duplicates were objectively delineated 
and, subsequently, eliminated from the merged data set according to the following rule:

|A*| < 5.0 seconds; A/a* < 0.2°; A/onp < 0.2°

Thus, region A is void of the duplicates that satisfied the above initial parameters. Al­ 
though this procedure eliminated many duplicate events, numerous earthquakes remained 
in the catalog that appeared to be potential duplicates.

Of the total number of possible duplicates, 92%, 1%, 6%, and 1% fall in regions A, B, 
C, and D, respectively. Duplicates satisfying the requirements in region A were eliminated 
systematically unless some peculiarity existed between the two earthquakes, such as very 
different magnitudes. Events satisfying the criteria in regions B, C, and D were examined 
individually for potential elimination. If a combination of factors strongly suggested that 
two entries were duplicates, then one of the entries was eliminated. The result of this 
process was to eliminate 4558 of 4564 events in A, 44 of 48 events in B, 111 of 277 in C,



and 36 of 54 in D. Note in figure 3 that events occurring whole minutes or whole seconds 
apart were prime duplicate candidates.

Some nuclear explosion aftershocks and (or) earthquakes occurring minutes to hours 
after nuclear explosions were unlocatable due to interference of waves from several earth­ 
quakes with overlapping time-history signatures. These events were retained in the catalogs 
of Hamilton and others (1971) and Rogers and others (1977) by date, approximate origin 
time, and duration magnitude. Of these events, those with MD > 3.0 have been retained in 
this catalog in order to preserve some measure of the total energy release that has occurred 
in aftershock series in the nuclear testing aftershock zones. We have arbitrarily assigned 
these events epicentral coordinates equal to those of the nuclear event that occurred just 
prior to the earthquake.

HYPOCENTER QUALITY

A hypocenter quality rating is reported for events when it is available. In general, the 
quality ratings used in the past are not uniform different sources use different schemes  
and are retained in their original form here. Data sources that have reported a hypocentral 
quality are Hamilton and others (1971), Fischer and others (1972), Rogers and Lee (1976), 
Rogers and others (1977), Askew and Algermissen (1983), the Seismological Laboratory of 
the University of Nevada-Reno, the Seismological Laboratories of the California Institute 
of Technology, and the Seismographic Station of the University of California at Berkeley. 
See appendix A for a more detailed explanation of the quality rating systems used.

MAGNITUDES

Magnitudes are reported whenever possible and follow the priority list as outlined in 
table 3. The catalog retains as many as five different magnitudes: MS, M£, M£>, m&, and 
other. Of these, ML and MD are reported most often. The ML magnitude is Richter's 
local magnitude computed from a Wood-Anderson seismograph. These magnitudes were 
reported by the University of California at Berkeley, the California Institute of Technology, 
and the University of Nevada-Reno before 1973. From 1973 to present, the University 
of Nevada-Reno reported MD magnitude. The MD magnitude is an equivalent Richter 
magnitude computed from the duration of the coda and it has been given in seismicity 
reports by Smith and others (1971), Hamilton and others (1971), Papanek and Hamilton 
(1972), Fischer and others (1972), Rogers and Lee (1976), and Rogers and others (1977). 
MS and nib magnitudes were less frequently reported. The magnitude denoted as other 
is often unidentified by type in the original source. In some cases, however, such as for 
magnitudes reported by the source ALX (table 1), a type of miLg magnitude (R. G. Baker, 
1970) is given. Source BRP always listed MS, although in many cases this magnitude was 
computed from m&, ML or from the reported maximum intensity. These conversions were 
computed from the relationships:

MS = 1.59m6 - 3.6 (Nuttli and Zollweg, 1974)
MS = 1.32ML - 2.112 (Gutenberg and Richter, 1956)
ML = 1.00+ (2/3)/0 (Gutenberg and Richter, 1956).



Note that the intensity relationship will probably produce an underestimated magnitude 
for this region because it is so sparsely populated. If both BRK and PAS reported ML 
magnitudes for the same event, then both magnitudes are included in this catalog unless 
some other ML magnitude source took precedence.

PLOTTING OF DATA

Historically, earthquake locations reported in many of the national catalogs before 
about 1975 were computed to the nearest known degree or decimal degree because data 
acquisition and location accuracy were not believed to warrant reporting additional preci­ 
sion. Plots of such data have a gridded pattern and many events are overplotted at a single 
point. The resulting plots obscure the density of earthquake activity and any structure in 
the events that may be present. To solve the density problem, a small random component 
was added to the epicentral coordinates in figures 5-12. The maximum magnitude of this 
random component never exceeds ±0.05° and never is smaller than ±0.005°. The size 
of the maximum random component depends on the number of decimal places reported 
for the original coordinate estimate. The more decimal places that were reported for the 
original coordinate estimate the smaller the added maximum random component. Com­ 
pare figure 4, a plot of the original data, with figure 5, a plot of the randomized data, to 
observe the change in the seismicity patterns and density. For many events overplotted at 
a single point, the maximum limits of the randomizing component force the data to plot in 
a rectangle centered around that point with dimensions of 0.1° latitude by 0.1° longitude. 
This is clearly seen near Lake Mead (LM) in figures 5 and 7. Figures 6-10 display the 
randomized data over a series of sequential time intervals.

Even though the catalog lists five types of magnitudes, only the ML and the MD 
magnitudes were used in the plots. For events which have no ML and (or) MD reported, 
the epicentral symbol is scaled to a magnitude equal to zero. Many earlier hypocentral 
solutions were reported with fixed depth and, thus, we do not show any plots representing 
earthquake depths. We know from detailed local studies, however, that most earthquakes 
in this region occur in the upper half of the crust above 15 km. (Hamilton and others, 
1971; Rogers and Lee, 1976; Rogers and others, 1981, 1983).

MAN-MADE ACTIVITY

This catalog includes both natural earthquakes and earthquakes that have been in­ 
duced by the activities of man, including NTS nuclear testing and the impoundment of 
Lake Mead. At present no simple technique has been devised to differentiate between 
induced earthquakes and those that might be considered to be part of the natural back- 
gound activity of this region. It may prove to be important, however, to identify such 
events if they have a notable effect on the computed seismic hazard of the region. For this 
reason we attempt to annotate earthquakes that are potentially induced. We have also 
specially annotated events that are known to be underground nuclear-test cavity collapses 
and high energy chemical explosions. It should be noted that the annotation of potentially 
induced earthquakes in this catalog is arbitrary to a degree and may include earthquakes 
that are part of the background seismicity or, conversely, may exclude earthquakes that



are induced. Future research, currently in progress, may provide a means of improving our 
discrimination between the two types of events.

Data on the origin times and dates of collapses and high energy explosions, which 
permitted annotation of these events, were provided by Sandia National Laboratories (Luke 
Vortman, written commun.) and NOAA (1982). Lake Mead seismicity was specially 
annotated if the earthquake occurred within an arbitrary boundary drawn parallel to (but 
0.2° outside) the lake perimeter.

Annotation of nuclear event aftershocks is difficult because the time histories of these 
events are generally undifferentiable from regional earthquakes. Some of these events are 
undoubtedly related to processes in the immediate vicinity of the nuclear test cavity, but 
others that are located kilometers away from the test and (or) that occur for days or months 
(perhaps longer) after the test are more difficult to identify. Premonitory cracking and 
straining related to the collapse process frequently produces earthquake signatures that 
are relatively emergent, making these events more difficult to locate. This fact creates a 
natural discrimination process in the catalog; that is, cavity related events are frequently 
omitted from earlier catalogs because they can not be located.

Review of detailed studies of nuclear test aftershocks at Pahute Mesa may provide 
clues about how these events can be discriminated from natural background seismicity. 
Hamilton and others (1971) noted that 95% of the aftershocks of 4 nuclear explosions 
having magnitudes greater than about 5.8 occurred within 14 kilometers of ground zero and 
94% occurred in the upper 5 kilometers of the crust. Rogers and others (1977) conducted 
similar studies for 8 nuclear tests having the same magnitude range and found that although 
the aftershocks in the latter testing series clustered more closely around ground zero, 
the depths of the aftershocks were significantly greater. Between 93 and 100% of the 
aftershocks occurred within 6 km of ground zero in each nuclear test studied. These 
earthquakes had computed hypocentral depths ranging between 4 and 15 km., which is 
somewhat greater diffusion in depth than was observed in the earlier study. Some of 
the increase in the observed hypocenter range, however, may be due to sparser station 
distribution in the latter study and resulting increased inaccuracy in the hypocenter depth 
determinations compared with the earlier study, but some of this increase in aftershock 
depths is likely to be real. In any case, based on the results of these studies, we have 
chosen to annotate earthquakes as potential nuclear test aftershocks if they occur within a 
boundary drawn 10 km outside of the boundaries of the individual testing areas at NTS; 
this boundary is depicted by the shaded region in figure 1. This choice should be considered 
arbitrary until the results of ongoing research improves our understanding of the temporal 
and spatial distribution of nuclear test aftershocks.

Underground nuclear testing at the NTS began with tunnel explosions in 1957. Al­ 
though above ground testing occurred at NTS beginning in 1951, it is assumed that these 
events did not produce aftershocks because of their low yield and poor seismic coupling 
to the earth. For this reason, we compare maps of seismicity for this region showing pre- 
and post-1957 underground testing in figures 11 and 12. The region around NTS exhibits 
low level seismicity before underground testing, but earthquakes are distributed through­ 
out the area. Many of these events are greater than magnitude 3, which is probably the 
minimum level of location and detection for the regional stations that existed at that
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time. Note that all announced nuclear tests (above-ground and underground) have been 
removed from the figures and listed in Appendix C. These data were obtained from the 
following sources: Griggs and Press (1961), the U.S. Department of Commerce (1963a, b), 
Springer and Kinnaman (1971, 1975), Zander and Araskog (1973), NOAA (1982), the U.S. 
Department of Energy (1985), Lawrence Livermore Laboratory (LLL, written commun.), 
and ISC.

SIGNIFICANT EARTHQUAKES

A number of major earthquakes (M > 6.5) have occurred in the Great Basin that 
are outside of this study area. These events are significant, however, because they occur 
within the Great Basin or along the province boundaries. For this reason we list them in 
the table below, where M denotes Richter magnitude and MM denotes Modified Mercalli 
scale.

Date
09 Jan 1857
26 Mar 1872
21 Dec 1932
21 Jul 1952
06 Jul 1954
24 Aug 1954
16 Dec 1954
16 Dec 1954

Name or region
Fort Tejon
Owens Valley
Cedar Mountain
Kern County
Rainbow Mountain
Rainbow Mountain
Fairview Peak
Dixie Valley

Location
1 35.0°N U9.Q°W
1 36.5°N 11S.O°W
438.7°AT 117.8°^
5 35.0°AT 119.0°W
439.4°AT 11S.5°W
439.4°AT 118.5°W
439.3°AT 118.2°W
739.8°AT 11S.1°W

M
2 8.25
3 8.25
4 7.3
5 7.7
66.8
66.8
4 7.2
66.9

Intensity 
(MM)
^IX
4XI
4X
5XI
6IX

6VIII
5 X
lx

Data Sources:
(1) Coffman and von Hake (1973)
(2) Agnew and Sieh (1978)
(3) Oakeshott and others (1972)
(4) Slemmons and others (1965)

(5) Richter (1958)
(6) Ryall and Priestley (1975)
(7) Romney (1957)
(8) Askew and Algermissen (1983)

Another significant earthquake and aftershock series, although outside this study area, 
occurred in the Clover Mountains near the Nevada-Utah border in 1966 (Boucher and 
others, 1967). This event is significant because it occurs within the East-West seismic 
zone with dextral strike-slip on a north trending fault (Smith and Lindh, 1978; Rogers and 
others, 1983; Wallace and others, 1983) and, thus, is similar in notable respects to much of 
the microseismicity that occurs in this region (Rogers and others, 1987). The main shock 
had several reported magnitudes ML = 5.7   6.1 (BRK), ML   6.0 (PAS), and ra^ = 5.6 
(USCGS). At the peak of the aftershock series, more than 8,000 events were recorded per 
day (Boucher and others, 1967). Relocations of some events in the aftershock series have 
been conducted by Beck (1970) and Rogers and others (1983). In the latter study, a joint 
hypocenter relocation was conducted using a selected set of the aftershocks and the main 
shock. These relocations are included in this report.

Finally, a notable earthquake occurred in Death Valley in 1908. Several magnitudes 
have been estimated for this event (Ms = 5.7 (BRP), M = 6.5 (DMG)). This event is the 
closest earthquake, of significant size, to the proposed repository at Yucca Mountain.



REMARKS

Before data in this catalog can be used to calculate the probabilistic seismic hazard 
in the SGB, three significant factors must be taken inot account: 1) correction of the 
catalog for incompleteness; 2) revision of magnitudes reported by California observatories; 
and 3) correction or removal of earthquakes induced by either nuclear explosions or the 
impoundment of Lake Mead. Corrections for incompleteness are required to accurately 
compute the rate of earthquake occurrence for the SGB region. In addition, earthquake 
occurrence rates for this region could be overestimated because some historical earthquake 
magnitudes (ML) may have been estimated too high as pointed out by Rogers and others 
(1987). Occurrence rates might also be misinterpreted due to the effects of induced seis- 
micity from nuclear tests and the impoundment of Lake Mead. These factors need to be 
resolved before a comprehensive seismic hazard analysis can be completed.

REFERENCES CITED

Agnew, D. C., and Sieh, K. E., 1978, A documentary study of the felt effects of the great 
California earthquake of 1857: Seismological Society of America Bulletin, v. 68, no. 
6, p. 1717-1729.

Askew, Bonny, and Algermissen, S. T., 1983, An earthquake catalog for the Basin and 
Range Province, 1803-1977: U.S. Geological Survey Open-File Report 83-86, 42 p., 
3 sheets.

Baker, R. G., 1970, Determining magnitude from Lg: Seismological Society of America 
Bulletin, v. 60, no. 6, p. 1907-1919.

Beck, P. J., 1970, The southern Nevada-Utah border earthquakes August to December, 
1966: Salt Lake City, Utah, University of Utah Master's thesis, 62 p.

Coffman, J. L., and von Hake, C. A., 1973, Earthquake history of the United States: 
U.S. Department of Commerce, National Oceanic and Atmospheric Administration, 
NOAA EDS Pub. 41-1/COM 74 500 35, 208 p.

Fischer, F. G., Papanek, P. J., and Hamilton, R. M., 1972, The Massachusetts Mountain 
earthquake of 5 August 1971 and its aftershocks, Nevada Test Site: U.S. Geological 
Survey Report USGS-474-149; available from U.S. Department of Commerce, Na­ 
tional Technical Information Service, Springfield VA 22161, NTS-238, 20 p.

Gutenberg, B., and Richter, C. F., 1956, Earthquake magnitude, intensity, energy, and 
acceleration: Seismological Society of America Bulletin, v. 46, no. 2, p. 131, 137.

Griggs, D., and Press, F., 1961, Probing the Earth with nuclear explosions: Journal of 
Geophysical Research, v. 66, p. 237.

Hamilton, R. M., Smith, B. E., Fischer, F. G., and Papanek, P. J., 1971, Seismicity of 
the Pahute Mesa area, Nevada Test Site, 8 December 1968 through 31 December 
1971: U.S. Geological Survey Report USGS-474-138; available from U.S. Depart­ 
ment of Commerce, National Technical Information Service, Springfield, VA 22161, 
170 p.

8



Howard, Nancy W., written commun., Lawrence Livermore Laboratory, Livermore, Cali­ 
fornia.

Lee, W. H. K., and Lahr, J. C., 1975, Hypo 71 (revised): a computer program for deter­ 
mining hypocenter, magnitude, and first motion pattern of local earthquakes: U.S. 
Geological Survey Open-File Report 75-311, 116 p.

National Oceanic and Atmospheric Administration, 1982, The NOAA-NGDC earthquake 
data file, period of coverage, 09 October 1916 to 28 June 1979: Environmental Data 
Service, Boulder, Colorado.

Nuttli, O. W., and Zollweg, J. E., 1974, The relation between felt area and magnitude 
for central United States earthquakes: Seismological Society of America Bulletin, v. 
64, no. 1, p. 82.

Oakeshott, G. B., Greesfelder, R. W., and Kahle, J. E., 1972, One hundred years later: 
California Geology, v. 25, no. 3, p. 55-61.

Papanek, P. J., and Hamilton, R. M., 1972, A seismicity study along the northern Death 
Valley-Furnace Creek fault zone, California-Nevada boundary: U.S. Geological Sur­ 
vey Report USGS-474-141; available from U.S. Department of Commerce, National 
Technical Information Service, Springfield, VA 22161, 41 p.

Richter, C. F., 1958, Elementary geology: San Francisco, California, W. H. Freeman and 
Company, 768 p.

Rogers, A. M., Harmsen, S. C., and Carr, W. J., 1981, Southern Great Basin seismo- 
logical data report for 1980 and preliminary data analysis: U.S. Geological Survey 
Open-File Report 81-1086, 148 p.

Rogers, A. M., Harmsen, S. C., Carr, W. J., and Spence, W. J., 1983, Southern Great 
Basin seismological data report for 1981 and preliminary data analysis: U.S. Geo­ 
logical Survey Open-File Report 83-669, 148 p.

Rogers, A. M., Harmsen, S. C., and Meremonte, M. E., 1987, Evaluation of the seismic­ 
ity of the southern Great Basin and its relationship to the tectonics framework of 
the region: U.S. Geological Survey Open-File Report (in review).

Roger, A. M., Harmsen, S. C., Herrmann, R. B., and Meremonte, M. E., 1987, A study 
of ground motion attenuation in the southern Great Basin, Nevada-California, using 
several techniques for estimates of Q a , log A0 , and coda Q: Journal of Geophysical 
Research, v. 92, no. B5, p. 3527-3540.

Rogers, A. M., and Lee, W. H. K., 1976, Seismic study of earthquakes in the Lake Mead, 
Nevada-Arizona region: Seismological Society of America Bulletin, v. 66, no. 5, p. 
1657-1681.

Rogers, A. M., Woulett, G. M., and Covington, P. A., 1977, Seismicity of the Pahute 
Mesa area, Nevada Test Site, 8 October 1975 to 30 June 1976: U.S. Geological Sur­ 
vey Report USGS-474-184; available from National Technical Information Service, 
Springfield, VA 22161, 63 p.



Romney, C., 1957, Seismic waves from the Dixie Valley-Fairview Peak earthquakes: Seis- 
mological Society of America Bulletin, v. 47, p. 301-320.

Ryall, A., and Priestly, K., 1975, Seismicity, secular strain, and maximum magnitude in 
the Excelsior Mountains area, western Nevada and eastern California: Geological 
Society of America Bulletin, v. 86, p. 1585-1592.

Slemmons, D. B., Jones, A. E., and Gimlett, J. L, 1965, Catalog of Nevada earthquakes, 
1852-1960: Seismological Society of America Bulletin, v. 55, no. 2, p. 519-565.

Smith, B. E., Hamilton, R. M., and Jackson, W. H., 1971, Seismicity of the central
Nevada test area, 26 September 1969 - 1 October 1970: U.S. Geological Survey Re­ 
port USGS-474-109; available from U.S. Department of Commerce, National Techni­ 
cal Information Service, Springfield, Va 22161, 27 p.

Smith, R. B. ,and Lindh, A. G., 1978, Fault plane solutions of the western United 
States: a compilation in Smith, R. B., and Eaton, G. P., eds., Cenozoic tectonics 
and regional geophysics of the western cordillera: Geological Society of America 
Memoir 152, p. 107-109.

Springer, D. L., and Kinnaman, R. L., 1971, Seismic source summary for U.S. under­ 
ground nuclear explosions, 1961-1970: Seismological Society of America Bulletin, v. 
61, no. 4, p. 1073-1098.

Springer, D. L., and Kinnaman, R. L., 1975, Seismic source summary for U.S. under­ 
ground nuclear explosions, 1971-1973: Seismological Society of America Bulletin, v. 
65, no. 2, p. 343-349.

U.S. Department of Commerce, 1963, World-wide standard station seismic measure­ 
ments, project 173-7, Little Feller I: U.S. Department of Commerce, Coast and 
Geodetic Survey, Washington 25, D.C., 4 p.

U.S. Department of Commerce, 1963, World-wide standard station seismic measure­ 
ments, project 173-7, Little Feller II: U.S. Department of Commerce, Coast and 
Geodetic Survey, Washington 25, D.C., 3 p.

U.S. Department of Energy, 1985, Announced United States nuclear events; July 1945 
through December 1984: U.S. Department of Energy, Nevada Operations Office, 
NVO-209 (rev. 5), 73 p.

Vortman, L. J., written commun., Sandia National Laboratories, Alburquerque, New 
Mexico.

Wallace, T. C., Helmberger, D. V., and Engen, G. R., 1983, Evidence of tectonic release 
from underground nuclear explosions in long-period P waves: Seismological Society 
of America Bulletin, v. 73, n. 2, p. 593-613.

Zander, L, and Araskog, R., 1973, Nuclear explosions 1945-1972 basic data: FOA 4 Re­ 
port, A4505-A1: The Research Institute of National Defense, Stockholm, Sweden, 
55 p.

10



Table 1. List of data sources

Code Source
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Table 1. List of data sources Continued

Code Source
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Table 1. List of data sources Continued

Code Source
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Table 1. List of data sources Continued

Code Source
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1979: Reno, Nev., Mackay School of Mines, 84 p.
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America Bulletin, v. 61, no. 4, p. 1073-1098.

Springer, D. L., Kinnaman, R. L., 1975, Seismic source summary for U.S. 
underground nuclear explosions, 1971-1973: Seismological Society of 
America Bulletin, v. 65, no. 2, p. 343-349.

SHJ Smith, B. E., Hamilton, R. M., and Jackson, W. H., 1971, Seismicity of the 
central Nevada test area, 26 September 1969 - 1 October 1970: U.S. 
Geological Survey Report USGS-474-109; available from U.S. Depart­ 
ment of Commerce, National Technical Information Service, Springfield, 
Va 22161, 27 p.

USE Murphy, L. M. and Cloud, W. K., 1952, United States earthquakes [annual 
volume]: U.S. Department of Commerce, U.S. Coast and Geodetic Sur­ 
vey, serial no. 773, 112 p.

UTH Arabasz, W. J., Smith, R. B., and Richins, W. D., eds., 1979, Earthquake 
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Department of Geology and Geophysics, University of Utah, 552 p. 
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Table 2. Priority list for multiply reported hypocenters

Code 1 Type of source and extent of operation or listing

HSF Local network which monitored the Pahute Mesa area from 08 December 
1968 to 31 December 1970.

SHJ Local network which monitored the Central Nevada Test Area from 
26 September 1969 to 01 October 1970.

PHM Local network which monitored the northern Death Valley-Furnace Creek 
fault zone along the California/Nevada border from 01 March 1970 to 
26 January 1971.

FPH An in-depth study of the Massachusett's Mountain earthquake of 05 Au­ 
gust 1971 and its aftershocks (local network operated by the U.S. Geo­ 
logical Survey).

ROW Local network which monitored the Pahute Mesa area from 08 October 
1975 to 30 June 1976.

KKG Local network which operated from 01 January 1971 to 30 June 1973. Be­ 
fore 01 January 1971, seismic data reported from other seismological 
catalogs (for epicenters located north of 38° N., RYN's location was 
given higher priority than KKG's).

RWL Local network which monitored Lake Mead seismicity in the Boulder Basin 
area from 06 July 1972 to 05 December 1973. Included in the seismicity 
report, was a catalog of Lake Mead historical seismicity.

ROG Catalog of selected relocated joint hypocenter events for the Clover Moun­ 
tains earthquake sequence in 1966.

RYN Regional network operating northwest of the SGB network from 01 Jan­ 
uary 1970 to present (RYN's location was given a higher priority than 
BRK's or PAS's after 1974).

GDY Catalog of selected relocated joint hypocenter events from 1931 to 1974.
BRK Regional stations operating in California from the early 1900's to present 

(hypocenters were given higher priority than RYN's from 01 January 
1970 to the beginning of 1975: during this period, BRK included phase 
data from RYN network and RYN did not determine a focal depth).

PAS Regional stations operating in southern California from the early 1900's 
to present (hypocenters were given higher priority than RYN's from 
01 January 1970 to the beginning of 1975: during this period, PAS in­ 
cluded phase data from RYN network and RYN did not determine a 
focal depth).

UTH Regional stations operating in Utah since 1974.
BRP Historical catalog collecting data from other sources for the period ranging 

from 1803 to 1977.
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Table 2. Priority list for multiply reported hypocenters Continued

Code 1 Type of source and extent of operation or listing

DMG California earthquake epicenter map and catalog from 1900-1974 of M > 
4.0 (where M denotes Richter magnitude) or Modified Mercalli (MM) 
intensity > 5.

RYC Historical catalog collecting data reported from other seismological cat­ 
alogs, bulletins, and newspapers covering a period from 1852 to 1963 
(this catalog is an updated version of a historical catalog published by 
Slemmons and others, 1965).

PDX Termed the "NOAA Catalog," it is a listing of other seismological catalogs 
from the early 1900's to present.

USE Annual publication of felt earthquakes in the United States and nearby 
territories since 1928.

CVH Publication of prominent historical U.S. earthquakes from the 1600's up 
through 1970 with MM intensities greater than or equal to V.

ERS Catalog of historical U.S. earthquakes with magnitudes equal to or exceed­ 
ing MM intensity TV up through 1970.

ALX Regional network which operated across the Western United States from 
01 December 1961 to 01 January 1964.

ISC International catalog publishing seismological data from the early 1900's to

_________present._______________________________________
x For code source reference see table 1.
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Table 3. Priority list for multiply reported magnitudes

Code+ Type of source and primary magnitude recorded

HSF Local network reporting duration magnitude 
SHJ Local network reporting duration magnitude 
PHM Local network reporting duration magnitude 
FPH Local network reporting duration magnitude 
ROW Local network reporting duration magnitude 
KKG Local network reporting local magnitude (ML Wood-Anderson) and (or)

body-wave magnitude (mj,) . 
RWL Local network in the Boulder Basin area which reported duration magni­

tude (MD )*. 
RYN Regional network reporting local magnitude (ML Wood-Anderson) until

1973. After that period, duration magnitude (MD)* was reported. 
UTH Regional network reporting local magnitude (ML Wood-Anderson). 
BRK Regional network reporting local magnitude (ML Wood-Anderson). 
PAS Regional network reporting local magnitude (ML Wood-Anderson). 
PDX Catalog listing various magnitudes including local magnitude (ML Wood-

Anderson), body-wave magnitude (mj,), and (or) surface wave magni­
tude (Ms). 

BRP Historical catalog which listed published magnitudes and, in some in­
stances, computed other magnitudes (see section entitled magnitudes
in text). 

DMG Historical catalog which listed Richter magnitude (M). Listed in the col­
umn marked "OTH". 

ALX Regional network which reported a type of m^g magnitude. Listed in the
column marked "OTH". 

RYC Historical catalog which listed magnitudes of unknown type. Listed in the
column marked "OTH". 

GDY Catalog of selected relocated joint hypocenter events which listed magni­
tudes of unknown type. Listed in the column marked "OTH" . 

ISC International catalog reporting local magnitude (ML Wood-Anderson),
body-wave magnitude (mt), and (or) surface wave magnitude (Ms). 

ERS Historical catalog of U.S. earthquakes which listed various magnitudes but
did not specify the type used in the earthquake listings. Listed in the 

_________ column marked "OTH". ____________________________

+For code source reference see table 1. 
*MD is an equivalent ML magnitude.
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Figure 9.-Map of the southern Great Basin catalog area showing the historical seismicity 
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Figure lO.-Map of the southern Great Basin catalog area showing the historical seismicity 
from 1970 to 29 July 1978 (randomized data).
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Figure 11.-Map of the southern Great Basin catalog area showing the historical seismicity 
from 1868 through 1956 before the beginning of extensive underground nuclear testing 
(randomized data).
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Figure 12.-Map of the southern Great Basin catalog area showing the historical seisrnicity 
from 1957 to 29 July 1978 after the beginning of extensive underground nuclear testing 
(randomized data).
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APPENDIX A

Hypocenter quality rating systems
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This appendix explains the different quality rating systems used by the data sources 
that report one. The original forms are presented here.

  Hamilton and others (1971):

&
A
B
C
D

Epicenter
Excellent

Good
Fair
Poor

Focal Depth
Good
Fair
Poor
Poor.

Q is taken as the average of the station distribution (QD) with respect to the earthquake 
and the statistical measures (QS) of the solution. These two factors are indepently rated 
according to the following:

Station Distribution

QD
A
B

C

D

NO
> 8
> 6

(I!)
Others.

 ^

( < 
( <

GAP 
< 120° 
< 150° 

<225°
< 180°

DMIN
< Depth or 5 km 

< 2 x depth or 10 km

< 50km

Statistical Measures

X"\ CJ 
\fj tj

A
B
C
D

ERH (km)
< i.o
< 2.5
< 5.0

Others.

ERZ (km)
< 2.0
< 5.0

MD (sec)
< 0.10
< 0.20
< 0.30

RMAX (sec)
< 0.25
< 0.50
< 0.75

NO - the number of stations used in locating the earthquake. 

GAP - largest azimuthal separation in degrees between stations. 

DMIN - epicentral distance in kilometers to the nearest station. 

ERH - standard error of the epicenter in kilometers. 

ERZ - standard error of the depth in kilometers. 

MD - mean deviation of the time residuals in seconds. 

RMAX - the maximum time residuals in seconds.
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Fischer and others (1972), Rogers and Lee (1976), and Rogers and others (1977):

£
A 
B 
C 
D

Epicenter 
Excellent 

Good 
Fair 
Poor

Focal Depth
Good 
Fair 
Poor 
Poor.

These quality ratings are based on the rating system given in Lee and Lahr (1975). Q 
is taken as the average of the station distribution (QD) with respect to the earthquake 
and the statistical measures (QS) of the solution. These two factors are indepently rated 
according to the following:

Station Distribution

QD
A
B
C
D

NO
> 6
> 6
> 6

Others

GAP
<90°

< 135°
< 180°

DMIN
< Depth or 5 km

< 2 x depth or 10 km
< 50km

Statistical Measures

QS 
A
B
C
D

RMS (sec) 
< 0.15
<0.30
< 0.50
Others.

ERH (km) 
< 1.0
< 2.5
< 5.0

ERZ (km)
< 2.0
< 5.0

NO - the number of stations used in locating the earthquake. 

GAP - largest azimuthal separation in degrees between stations. 

DMIN - epicentral distance in kilometers to the nearest station. 

ERH - standard error of the epicenter in kilometers. 

ERZ - standard error of the depth in kilometers. 

RMS - root mean square of time residuals in seconds.
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Askew and Algermissen (1983):

A Instrumental epicenter estimated to be good within 0.1°.
B Instrumental epicenter estimated to be good within 0.1° to 0.2°.
C Instrumental epicenter estimated to be good within 0.2° to 0.5°.
D Instrumental epicenter estimated to be good within 0.5° to 1.0°.
E Instrumental epicenter estimated to be in error by more than 1.0°.
F Epicenter from felt data estimated to be good to 0.5°.
G Epicenter from felt data estimated to be good from 0.5° to 1.0°.
H Epicenter from felt data estimated to be good from 1.0° to 2.0°.
I Epicenter from felt data estimated to be in error by more than 2.0'
X Epicenter quality undetermined.

  The Seismological Laboratory of the University of Nevada-Reno uses the quality rating 
system of Lee and Lahr (1975). However, the station distribution (QD) and the 
statistical measures (QS) differ slightly.

  The Seismological Laboratories of the California Institute of Technology and the Seis- 
mographic Station of the University of California at Berkeley describe Q as follows:

A Specially investigated (usually with portable seismographs).
B Epicenter probably within 5 kilometers, origin time to nearest second.
C Epicenter probably within 15 kilometers, origin time to a few seconds.
D Epicenter not known within 15 kilometers, rough location.

Q varies depending on how the earthquake was recorded and where it was located.
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APPENDIX B

List of the southern Great Basin earthquakes 

04 September 1868 to 29 July 1978
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Format description of the SGB historical hypocenter summary

Heading Columns Description

DATE

TIME

FLAG

01-04 (year) 
06-08 (month) 
10-11 (day)

14-15 (hour) 
17-18 (minutes) 
20-24 (seconds)

The year, month, and day of the earthquake in 
Coordinated Universal Time (UTC).

The UTC origin time of the earthquake. In 
some cases, particularly for older earthquakes, 
the origin time may only be known to the 
nearest hour or minute.

RMS

NO

LATITUDE 43-48

LONGITUDE 51-58

ERH

Q

27-29 Annotations:
CLMT Event associated with Clover Mountains series. 

LM Lake Mead induced seismic event. 
SIZ Event located in a zone of potentially induced

seismic activity due to nuclear testing. 
CSNL Cavity collapse reported by SNL. 
CPDX Cavity collapse reported by PDX. 

HE High energy explosion or blast.

32-36 The root mean square of travel time residuals
in seconds. A dash indicates the error esti­ 
mate is unknown.

38-40 The number of stations and (or) phase
readings. A dash indicates the number is 
unknown.

Latitude of the epicenter in degrees. The lati­ 
tude is listed to thousands of a degree, but not 
neccessarily accurate to that decimal place, 
particularly for older earthquakes.

West longitude coordinate of the epicenter in 
degrees. The longitude is listed to thousands 
of a degree, but not neccessarily accurate 
to that decimal place, particularly for older 
earthquakes.

60-63 The standard error of the epicenter in kilome­ 
ters. A dash indicates the error estimate is 
unknown.

65 The solution quality of the epicenter. A blank 
indicates the quality is not available. See ap­ 
pendix A for the quality rating systems used.
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Format description of the SGB historical hvpocenter summary Continued

Heading Columns___________________Description_____________

GAP 67-69 The largest azimuthal separation between sta­ 
tions in degrees. A dash indicates the azimuth 
is unknown.

DEPTH 71-77 The focal depth of the hypocenter in kilome­ 
ters. The * notation indicates focal depth was 
fixed at the value given and a focal depth 
without the * notation indicates the focal 
depth was computed. A dash indicates the 
focal depth was undetermined or is unknown.

ERZ 79-83 The standard error in focal depth in kilome­ 
ters. A dash indicates the error estimate is 
unknown.

REF 85-87 Code (table l)identifying the primary source
of the hypocenter solution including the date 
and the origin time. The * notation indicates 
the location of this event was attributed the 
location of the previous nuclear test.

I 91-92 The Modified Mercalli intensity. A dash indi­ 
cates no data or not felt.

REF 95-97 Code indentifying the reference for the intensity
listed (see table 1 for source code).

Magnitudes: (see table 1 for source codes)
MS 100-102 Surface wave magnitude.
REF 104-106 Source code for the MS magnitude.

ML 109-111 Local magnitude (Wood-Anderson). 
REF 113-115 Source code for the ML magnitude.

MD 118-120 Duration magnitude (ML equivalent). 
REF 122-124 Source code for the MD magnitude.

raj, 127-129 Body wave magnitude.
REF 131-133 Source code for the m& magnitude.

OTH 136-138 Other magnitudes or magnitudes of an uniden­ 
tified type. 

REF 140-142 Source code for other magnitudes.
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APPENDIX C

List of the announced nuclear tests at NTS 

19 November 1951 to 31 July 1978
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Format description of the announced nuclear tests

Heading

NAME

DATE

TIME

LATITUDE

Columns

01-18

21-24 
26-27 
29-30

32-33 
35-36 
38-42

46-51

(year) 
(month) 
(day)

(hour) 
(minutes) 
(seconds)

Description

Event name assigned to the nuclear test.

The year, month, and day of the test detona­ 
tion in Coordinated Universal Time (UTC).

The time in UTC of the test detonation. Zero 
entries for the hour, minute, and second indi­ 
cate the time of detonation is unknown.

Latitude of the test location in degrees. A dash

LONGITUDE 55-61

REF

TYPE

64-66

102-109

indicates the coordinate is unknown.

West longitude coordinate of the test location 
in degrees. A dash indicates the coordinate is 
unknown.

Code identifying the primary source of the test 
location (see table 1 for source code).

Description referring to the method of deploy­ 
ment of the nuclear device. A dash indicates 
the type is unknown. Explanation of these de­ 
scriptions are:

Balloon A nuclear device suspended from a balloon and 
exploded in the atmosphere.

Crater A nuclear device placed shallow enough under­ 
ground to produce a throw-out of earth when 
exploded.

Shaft A nuclear device exploded at the bottom of 
drilled or mined vertical hole.

Surface A nuclear device placed on or close to the 
earth's surface.

Tower A nuclear device mounted at the top of a
steel or wooden tower and exploded in the 
atmosphere.

Tunnel A nuclear device exploded at the end of a long 
horizontal drift mined into a mountain or 
mesa in a way that places the burst point 
deep within the earth.
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Format description of the announced nuclear tests  Continued

Heading Columns__________________Description__________

YIELD 111-123 The total effective energy released in a nuclear
explosion. It is usually expressed in terms of 
equivalent tonnage of TNT required to pro­ 
duce the same energy release in an explosion. 
NO YIELD means no yield information was 
released. A dash indicates the yield is not 
known. KT is the abbreviation for kiloton.

Magnitudes: (see table 1 for source codes)
MS 69-71 Surface wave magnitude.
REF 73-75 Source code for the MS magnitude.

ML 77-79 Local magnitude (Wood-Anderson). 
REF 81-83 Source code for the ML magnitude.

m& 85-87 Body wave magnitude.
REF 89-91 Source code for the m& magnitude.

OTH 93-95 Other magnitudes or magnitudes of an uniden­ 
tified type. 

REF 97-99 Source code for other magnitudes.
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